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Ml NTRoDUCTION

Background. Most lead in drinking water comes from
premise plumbing materials and lead service lines (LSLs). LSLs
are generally the largest source of lead in drinking water when
they are present in public water systems.! The 1986 Safe
Drinking Water Act Amendments banned new lead pipes in the
potable water network, but a legacy of millions of partial or
whole LSLs remains in meny public water systems.? Where the
tferm “lead corrosion” is used, it refers to the corrosion of lead
plumbing materials that result in the transfer of dissolved or
particulate lead into the drinking water.

The Lead and Copper Rule (LCR) sampling is intended to
messure the lead levels in drinking water to assess the
effectiveness of corrosion control treatment utilized by public
water systems (PWSs) to minimize lead in drinking water.
PWSs are required to use sampling sites that are presumed to
be the highest-risk sites for lead relesse, and to optimiz
corrosion control to minimize lead levels at consumers’ taps.
Most published sampling studies typically focus on systerms
having high lead levels or systems that have experienced
challenges in attempting to balance LCR compliance with
various other treatment or water quality objectives. Except for
LCR compliance data, little published data exists or is available
for systems that are considered to be operating with optimal
corrosion control and meeting the lead action level (AL) in the
LCR. This study focuses on a system that is considered to have
optimized corrosion control using a blended phosphate, with a
relatively stable water quality, and compliance results
historically well below the lead AL. This situation is
representative of a large percentage of systems serving
100,000 or more people that utilize orthophosphate or blended
phosphates for corrosion control and the vast mgjority of
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systens are meeting the lead AL based on the current sampling
protocol in the LCR. Additional information on the LCR and
study is available in the Supporting Information (Sl). This
study focused on whether (1) the current LCR compliance
sampling protocol adequately captures the peak lead levels in a
water system; (2) “preflushing” (PF) results in capturing lower
lead levels in samples compared to samples collected under
normal household usage (NHU) conditions; (3) a first-draw
sampling protocol appropriately determines the adequacy of
optimal lead corrosion control in water systerms with LSLs; and
(4) there is seasonal variability in the sampling results using the
different sampling protocols.

System Information. The Chicago Department of Water
Management (CDWM) operates two similar conventional
surface water filtration treatment plants serving approximately
54 million residents, including those in 125 suburbs. Lake
Michigan is the sole water source, with relatively stable water
quality leaving the treatment plants and in the distribution
system (Table 1). Before the LCR, CDWM utilized pH/
alkalinity adjustrment for corrosion control. CDWM switched to
a proprietary blended phosphate at both plants between 1993
and 1994 which is still used as the primary corrosion control
treatment.

The LCR requires public water systems o collect lead
samples using a first-draw (FD) sampling protocol, and samples
were collected almost exclusively from single-family homes with
LSLs as required by the LCR sample site selection require-
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Table 1. Water Quality Data 2011

outlets distribution
parameter min max min max
temp (°C) 4 24 5 23
turbidity (NTU) 01 02 0.1 04
pH 75 78 77 78
Cl, residual (mg/L) 10 12 07 09
total alkalinity (mg/L as CaCO;) 103 108 98 108
chloride (Cl, mg/L) 16 20 17 20
sulfate (mg/L) 2 31 29 30
Ca (mg/L) K7} 39 34 39
PO, (mg/L) 04 06 05 05
total PO, (mg/L) 08 1.1 08 12
Al (pg/L) K7} 126 29 113
Fe (ug/L) <5 <5 <5 4
Mn (ug/L) <3 <3 <3 <3

ments® Since the initial LCR monitoring, Chicago hes
exceeded the lead AL only once, during July - December
1902, with an average 90th percentile compliance monitoring
value between 1999 and 2010 of 6 pg/L (SI Table 2).2

The LCR requires 1-L, FD tap samples of water that has
stood motionless in the plumbing system (i.e., has stagnated
within the plumbing) for at least 6 h. The two variants of the
FD sampling protocol currently used by public water systerms
are defined herein as the NHU first-draw sample, where water
is used in a normal household manner, and then allowed to sit
motioniess in the plumbing for at least 6 h before the sample is
collected; and the PF first-draw sample, where the water is run
from the sampling tap for a specified amount of time
immediately prior to the stagnation period. However, the
LCR does not provide specific details on water use during the
stagnation period.

Almost all PWSs in the US. rely on residents to collect
compliance samples under the LCR and there are differences
across the US. in how systers instruct residents not to use the
water during the stagnation period prior to collecting the
sample. A review of example sets of sampling instructions
provided to residents by large PWSs in the US. found that
some are instructed not to use any water from the tap fo be
sampled during the stagnation period. Others are instructed not
to use any water in the household. Prior to 2009, CDWM used
the PF first-draw sampling protocol, with a 5-min prefiush
preceding stagnation. Recent instructions to residents included
not using water from the sampling tap or from any nearby tap
until the (poststegnation) samples were collected, and to
collect samples as soon s possible after the minimum required
6-h stagnation period. Regardless of the sampling protocol,
resident-collected samples necessitate the use of simple
instructions and make it difficult to ensure strict adherence to
any sampling protocol. In addition, the diverse premise
plumbing materials and configurations (S| Table S1) represent
varying effects of flow rates, hydraulic flow characteristics, and
possible lead sorption/particle release effects on the shapes of
the led froﬁles, particularly with corroded galvanized pipe
locations.*®

[ VATERIALS AND METHODS

Sampling Objectives and Protocol. Since the promul-
gation of the LCR, new research on lead corrosion hes shown
that there are many mechanisms and water quality factors

involved.'*¢ - ' Specifically, the sampling protocols used in this
study were evaluated to determine if

preflushing biases results;

first-draw samples, with or without preflushing, capture
the “worst-case” level of lead corrosion under normal use
conditions; and

sessonal varisbility affects lead concentrations (in this
water system).

Consistent with the LCR requirements and CDWM
compliance sampling, samples for this study were collected
by volunteer residents from 32 single-family residences, built
between 1890 and 1960, with LSLs. An additional 5 homes
were sampled and determined not to have LSLs, and were
therefore excluded from further sampling. All results are
included in the Supporting Information, but the non-LSL sites
were not used in the data analysis (Sl Tables S4a, S5, S63, S6b,
and S7).

Information was requested on the specific plumbing
configurations of each sampling site to a much greater extent
than the regulatory requirements which simply require the
plumbing material to be identified. This information, along with
analyses conducted for lead, copper, iron, and zinc for each
sample, facilitated a better understanding of the observed water
lead levels. Residents were asked to (1) complete a plumbing
profile identifying the Kitchen tap and meter or internal shut-off
valve, and (2) describe the internal plumbing, including any
recent plumbing work (Sl Figure S1). The information
provided by residents along with the results of the four metals
provided additional information on the sequences of plumbing
materials, and the presence of in-line brass plumbing
components. CDWM provided the locations of water mains,
service line materials, work conducted by the city at each
residence (meter installation or repair, shut-off valve repair/
replacement, service line leak repair, strest excavation), and
monthly water use data for residences with water meters. The
information provided by CDWM on water main locations was
used to messure the distance from the water main to each
residence, and internal plumbing information provided by
residents was used along with the measured length from the
water main 1o the residence to approximate the LSL length (SI
Table S1).

Residents were provided with written sampling and reporting
instructions for each sampling event (Sl Figures $41-345).
One-liter, high-density polyethylene (HDPE), wide-mouth (5.5
¢m, 2.2 in.) sample bottles were used to collect all samples.
Residents were instructed not to remowe aerators prior to
sampling and not 1o collect samples after point-of-use or point-
of-entry treatment devices.

Several prior studies have suggested that significant
contributions of particulate-associated lead can be mobilized
as a function of flow rate and turbulence in certain water
chemistries, though studies have not deweloped predictive
relationships to premise plumbing material, scale composition,
and hydraulic flow characteristics®'®~'° To try to achieve the
most aggressive high flow conditions under realistic field
conditions, residents were instructed to collect all samples by
slowly opening the cold water kitchen tap until fully open.
Upon receipt, the samples were inspected by EPA for visible
particulate matter prior to delivery to the laboratory.

For all first-draw samples, residents were instructed not to
use any water throughout the household (ie., no showering,
washing clothes/dishes, flushing toilets, etc.) during the
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First Draw and 45-Second Flushed Samples
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Figure 1. First round lead results for all sites.

Site

minimum rmandatory 6-h stagnation period. In this study, PF
samples include a flush of at least 5 min prior to the mandatory
minimum 6-h stagnation period. A NHU sample had no
preflushing prior to the mandatory minimum stagnation period.
Residents were instructed to aliow the water to sit motionless
in the household plumbing a minimum of 6 h, but not more
than 24 h, and to record the dates/times the taps were flushed
prior to the stagnation period, and the dates/times samples
were collected following the stagnation period. First-draw
samples using both variants (NHU and PF) were collected in
the first and third rounds of monitoring in March/April and
September/October, respectively. Additionally, 45s flushed
samples were collected in the first round to evaluate whether a
second-draw sample more accurately captured the level of
corrosion. Three-min, 5-min, and 7-min flushed samples were
collected in the third round of sampling to provide guidance to
volunteers when high lead levels were found (Sl Table S7).
This information can also be used fo provide site-specific
guidance on minimum flushing times necessary to reduce
consumer exposure to lead in drinking water.

In the first round of sampling, each resident collecteda NHU
first-draw sample and then a second-draw (45-s flushed) sample
after allowing the water to run for 45 s. On the second day,
residents collected a PF first-draw sample and then a second
45-s flushed samgle. EPA’s current Public Notification
Handbook advises™ residents to run the water 30 s or until
it turns cold before consuming, if the water has not been used
for an unspecified “extended period of time”, which can result
in higher lead levels at the tap for consumers. [t has also been
previously demonstrated that in some situations, this advice can
cause residents to consume the worst-case water sitting
stagnant in the LSL."" (Figure 1)

Sites 14, 15, 16, and 37 were verified as not having LSLs and
were excluded from further sampling. Site 2 was verified as not
having a LSL following the June sequential sampling and was
excluded from the final round of monitoring. The 45-s flushed
sampling was discontinued following the March/April sampling
first round due to the presence of severely corroded galvanized
pipe in some of the residences (S| Figure $4) which reduced
the inner pipe diameter, restricting water flow and resulting in
varying volumes of water flowing through the plumbing for the
same flush time.

In June 2011, each resident collected a total of twelve PF
sequential samples in one day of sampling. The first PF
sequential sample was also the PF first-draw sample for the data
analysis. All samples were analyzed for lead, copper, zinc, and

iron. The co-occurrence of the metals, along with plumbing
details, was used in qualitative assessments 1o correlate lead
results with potential sources of lead in the plumbing network
(S! Figure $8).4'°

In September/October 2011, each resident collected a NHU
first-draw sample, and a minimum of 11 PF sequential 1-L
samples. Sites with high lead levels in the previous rounds
collected an additional 3 or 4 PF sequential samples, and one
site with a very long LSL (159 ft, 48 m) collected an additional
9 PF sequential samples. The additional PF sequential samples
were collected to determine the point at which lead levels
consistently dropped below the AL. All samples collected are
included in the sampling summary with the numbers and types
of samples collected at each site (S Table S3).

Most stagnation times were relatively consistent across most
sites at between 6 and 8.5 h, and all but two sites had stagnation
times between 6 and 9 h 10 min, which facilitated unadjusted
comparisons (Sl Table S&¢).

Additional flushed samples were collected in September/
October for high lead sites in order to provide residents with
guidance on minimizing lead levels in their drinking water.
Recommended minimum flushing times were then estimated
based on the lead levels and LSL lengths. These results are
included in the Supporting [Information, but not discussed here.

Sample Analyses. All samples were visually inspected for
particulate matter prior to delivery to the EPA Chicago
Regional Laboratory. Samples were preserved upon receipt by
the laboratory using concentrated nitric acid to pH <2 and held
for a minimum of 24 h prior to analysis."® The laboratory's
Reporting Limits (RL) for lead, copper, and zinc in drinking
water samples, using EPA Method 200.8, are 0.5, 1, and 10 ug/
L, respectively. The laboratory's RL for iron in drinking water
samples, using EPA Method 2007, is 80 ug/L. Additional
laboratory information is included in the Supporting
Information.

[l RESULTS AND DISCUSSION

Both Variants of the First-Draw Protocol Significantly
Underestimated Peak Lead Levels, and the NHU First-
Draw Protocol Yielded Higher Results Overall than the
PF First-Draw Protocol. The 90th percentile lead values for
all three rounds of first-draw sampling using both variants were
slightly higher than Chicago’s historical compliance results, but
still fell well below the lead AL (Sl Table $4b). Only 2% of the
total number of first-draw samples (3 of 151) exceeded the AL
despite the presence of lead levels well above the lead action
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Comparison of System 90th Percentile Compliance Data with
Sequential Sampling 90th Percentile and Maximum Values
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Figure 2. Comparison of 90th percentile LCR compliance data to 90th percentile values from LSL samples (across sites by liter) and maximum
values from LSLs. The green dashed line indicates the average 90th percentile compliance monitoring value for Chicago between 1999 and 2010 of 6

pa/L.

LSL Values by Site

« Min (ug/L)
40

= Max (ug/L)

4 Ave {ug/L)

35

25 &

— 7
W20 - 2.9

- 15 b -

© o

Lo

&
rs &

4 % e b B

Y10 :
L3

-

=
—p—is

B

L]

® >
L

o—b— 8

5 °

bl

%8
o b @

St B

@

s

P
St—t>— i

PR —

2 g7
e ¢

"
, 3 &

134567 8 9101112131718192122232425262728293031323334353638

Site

Figure 3. LSL results were highly varieble within each LSL and from site fo site. Error bars represent 1 standard deviation.

level within the service lines a5 indicated by the 45 flushed
results in the first round of monitoring and sequential sampling
results in the second and third rounds.

In contrast, if the 90th percentile value of each of the
successive sequential liter samples from the LSLs is computed
across all sampling sites, the lead levels were up to four times
higher than Chicago’s average 90th percentile value using FD
samples. Some peak values for each sequential liter calculated
across all sampling sites were over twice the lead AL and up to
six times higher than the regulatory compliance data (Figure 2).
In summary, 69 of 336 (21%) of the individual sequential
samples collected in June and 75 of 319 (24%) of sequential
samples in September/October exceeded the lead AL,
indicating that current sampling protocols will often consid-
erably underestimate the peak lead levels and overall mobilized
mess of waterborne lead in a system with lead service lines.

The NHU results were numerically higher overall than the
corresponding PF values for most sites, but the differences were
not statistically significant. The PF first-draw protocol produced
lower individual results than NHU first-draw protocol in 23 of
32 sample pairs in March/April, and 20 of 27 sample pairs in
Sept/Oct (Sl Table $4a). Although NHU first-draw samples
were collected without directing the residents to flush the tap
prior to the stagnation period, NHU can involve showering,
washing dishes, or doing laundry a short time prior to the
stagnation period, which could clear the lead from the pipes

similar to preflushing the tap. Thus a NHU sample can be
effectively the same as a PF sample and yield similar results.
Since the sequential sampling results from these same sites
show that there is much higher lead present within the LSL at
the same time that the NHU and PF first-draw samples were
collected, it stands to reason that if the NHU activities were not
undertaken, and a larger sample st were used, the NHU
samples would yield results that were statistically higher than
the corresponding PF samples. The distance from the kitchen
tap to the beginning of the LSL was highly variable, ranging
from approximately 3 to 87 feet (09 to 27 m), and the
messured LSL lengths ranged from 43 fo 159 feet (131048 m).
Consequently, for sites with shorter total plumbing lengths, the
initial and final sequential samples would include relatively
uncontaminated water from the water main following the 5-min
tap preflushing. These samples would contain little to no LSL
lead contribution, consistent with plumbosoivency and radial
diffusion/flow principles®'®?° A targeted LSL sampling
protocol isolating only LSL contact water would likely yield a
higher percentage of results above the lead AL for systerrs with
Pb(1l} pipe scale chemistry, but the specific location of the peak
lead levels will necessarily vary with premise plumbing
configurations.

Seasonal Variability. In a site-by-site comparison, lead
concentrations were higher in Sept/Oct than in Mar/Apr or
June, with the starkest statistical difference between first-draw
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Disturbed and Undisturbed Average LSL Values
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Figure 4. Average lead levels at disturbed and undisturbed sites. Error bars represent 1 standard deviation.

NHU samples collected in Mar/April and Sept/Oct (p = 0.03
for two-tailed paired Student’s t-test). Overall, 68% and 69% of
NHU and PF first-draw sampiles, respectively, were higher in
Sept/Oct than in Mar/Apr, while 55% of paired sequential
samples were higher in Sept/Oct than in June. Sessonal
variation in lead levels consists of multiple contributing factors
from the source water through the premise plumbing which
could not be precisely isolated in this study, but the results in
this study are consistent with other findings on seasonal
variability (SI Table S6d)?' Factors include (1) water
temperature, (2) water chemistry variation, and (3) fluctuations
in water usage for Sept/Oct versus June, which could incresse
or decrease lead levels 2%

Lead Concentrations Vary Throughout Each Individ-
ual LSL and among Different LSLs Across the System.
There was a high degree of variability in sequential sample
results at most sites, some of which could include a particulate-
bound component as reflected in spikes in some sequential
sampling results (Sl Figures S9-340). For most sites, no
individual sample result from within the LSL can characterize
the lead concentrations at the site. Within the complete
sampling profile results, lead levels at most sites ranged from
well below to well above the AL (Figure 3). Under the LCR,
this would mean that a system would meet the action level and
have no additional regulatory requirements or would exceed the
AL and be required to implement additional requirements,
depending on which sample result is selected as the compliance
sample. The variability within sites and between sites is similar
in trend to that found in several other studies reporting
sequential sampling conducted in water systerms with different
corrosion control strategies and chemistries from
CDWM.1,4,10,12,14,1524 -27

Additional compliance data from a second large utility (City
B) which exceeded the lead AL and conducted sampling using
the temperature change LSL sampling protocol in the LCR,
yielded similar variability across the system (Sl Figure S8 and
Table $9). A total of 1975 LSL sites were sampled, with 1762
results (89%) below the lead AL; 128 results (6.5%) from 16 to
30 ug/L; 57 results (2.8%) from 31 to 50 ug/L; and 28 results
(1.4%) between 51 and 580 pg/L. This LSL sampling protocol

is similarly vulnerable to low biases, although many results were
considerably higher than the AL (Sl Figure S8).

Factors Affecting Lead Levels. The mgjority of high lead
results occurred at sites with a documented physical
disturbance of the LSL between 2005 and 2011 (Figure 4).
The actual extent to which the LSL was physically disturbed is
unknown for all sites, and the records of disturbances are based
on information provided by CDWM and by the sampling
volunteers (S Figures S9-340).

For the purpose of this study a physical LSL disturbance is
defined as a meter installation or replacement, autometer-
reeder (AMR) installation, service line leak repair, external
service shut-off valve repair or replacement, or significant street
excavation directly in front of the home that could disturb the
LSL. An “undisturbed” site is an unmetered site where neither
the CDWM nor resident have a record or recollection of any
disturbance, as defined above. A third category, “indetermi-
nate”, is used for three sites where CDWM has no record of any
LSL disturbance, and the resident did not provide a response a5
to whether there has been any LSL disturbance. Cross-checking
was important because information provided by volunteers in
some cases contradicted CDWM records, and upon further
investigation, the records were found to be incomplete and
were corrected, which resulied in reclassification of the site.

Of the 13 disturbed sites, 11 sites had 3 or more sequential
sampling results above the lead AL, two sites had 2 results each
above the AL, and one site had no results above the AL. Of the
16 sites with no known disturbance, only three sites had any
results above the lead AL. In the remaining 3 “indeterminate”
sites, 30 of 81 sample results (37%) were above EPA’s lead AL
(Table 2).

A recent AWWA publication on the state of water
infrastructure highlights the need for mgjor infrastructure
work.® This necessary infrastructure work will potentially
increase the incidence of damage to the protective scales within
LSLs as this work is performed. Inevitably, these physical LSL
disturbances will continue to occur with increased frequency as
part of daily routine water system maintenance and nonwater
related community infrastructure work.
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Table 2. Lead Results for Disturbed, Undisturbed, and
Indeterminate Sites®

disturbed sites undisturbed sites

no. no. no.
no. no. above no. no. above no no. above
sits samples AL sites samples Al sites samples AL

indeterminate sites

13 327 17 16 372 6 3 81 30
% samples over AL: % samples over AL: 2% % samples over AL:
3% 3%

#Most lead results above the AL were found at sites with LSL
disturbances. Additional results above the AL were also found at sites
where the status of the LSL (disturbed or undisturbed) could not be
confirmed. Sites without LSL disturbances had few if any results above
the AL.

Possible Implications of Water Conservation and Use.
Information provided by CDWM and volunteers anecdotally
suggests that low water usage may also play a role in high lead
levels at some sites. Of the four locations with the highest
average lead levels, three (Sites 1, 29, and 10) had documented
low water usage. Site 1 had average monthly water usage of
3444 gallons (13037 L) which does not appear 1o be low
usage. However, information provided by the resident indicates
that the majority of the monthly water usage occurs during a
relatively small number of days during the month when there is
a high volume of water usage. Site 29 had average monthly
usage of 1826 gallons (6912 L), and Site 10 had an average
usage of 1438 gallons/month (5443 L/month). For compar-
ison, the mean single-family household water usage is
gpproximately 8582 gallons/month (32486 L/month), with a
sizable standard deviation.?®

In two locations (Sites 17 and 5), lead levels decreased with
an incresse in water usage. As water usage approximately
doubled at Sites 17 and 5, maximum lead levels from sequential
sampling decreased from 25 10 5.5 ug/L and from 17 to 12 g/
L, respectively. Although this represents a small set of samples,
these observations support the idea that higher lead levels can
be associated with low water usage.*

BExtrapolating from prior research suggests the necessity of
consistent flow to deliver corrosion inhibitor effctively into
passivating films,*' and correlates incressed inhibitor dosages
with reduced lead relesse.’%2-%° Low water usage may inhibit
healing of the damaged scales, and influence the rate of galvanic
corrosion. Water usage effects cannot be separated from other
saonal effects in this study, but prior literature and the
combined sequential graphs showing entire profiles shifted up
or down from the June to Sept/Oct sampling suggest further
investigation is warranted (S! Figures S9-340). As conserva-
tion efforts increase, it will become incressingly important to
conduct further research on the relationship between water
usage and increases in lead levels.

The results in this study also indicate that more appropriate
flushing guidance must be developed, based on neighborhood
and premise plumbing characteristics, and whether a home has
a LSL or not. Much of the current published and web-based
flushing guidance inadvertently increases the risk of exposure to
elevated lead levels by clearing an insufficient amount of water
volume.!” Even fully flushing LSLs may only lower lead levels
to a limiting, messurable lead level, that relates to the
plumbosolvency of the water, the flow rate, the length and
internal diameter of the pipe,°~"1%19%° and possibly efects of
prior disturbances (Sl Table S7).

Risk Identification and Management. Recently, CDC
issued a health alert associating higher elevated blood lead
levels with partial LSL replacement,® and also concluded that
LSLs were an independent risk factor for elevated blood lead
levels even when lead levels in drinking water met the LCR lead
AL of 0.015 mg/L¥ As highlighted in this study, LSLs can
contribute high lead when they are disturbed in many different
ways, not just due to partial LSL replacement, and water usage
may also play a role in the resultant high lead levels and
potential increased human exposure. In an August 2012 update
on lead in drinking water and blood lead levels, the CDC notes
that “The reent recommendations from the CDC  Advisory
Committes on Childhood Lead Poisoning Prevention to reduce or
eliminate lead souress for children before they are exposed
undersoore the nesd to reduce kead conentrations in drinking
water as much as possible”.®

As the ultimate human and environmental health goal, LSLs
should be completely removed where possible. The stability of
the protective scales within LSLs depends on many factors
which can change over time. For example, changes to water
quality or treatment have resulted in high lead levels over a
sustained period of time (years)."®*-#! Under the current
regulatory framework, elevated lead levels from disturbances,
water quality, treatment, or water usage changes can potentially
go undetected for up to 3 years between LCR compliance
monitoring periods, which can result in increased public
exposure over a significant period of time.

Proper selection of sampling sites, sampling protocol, and
other site conditions is critical for evaluating the amount of lead
corrosion and release that is occurring in the distribution
system. Successful optimization of the plumbasolvency treat-
ment depends on an accurate understanding of the corrosion
mechanisims, pipe scale mineralogy and structure, and the
consequences of LSL disturbances and water conservation
efforts. No published studies could be found that systermatically
investigated the time and inhibitor doses/water quality
adjustments necessary to overcome the disturbances and
damage to the lead pipe scales that will be routinely occurring
throughout cities across the US,, as long as full or partial lead
service lines remain in service.

Analyses of the Chicago LSL scales by EPA (to be reported
elsewhere) reveal that the surface coatings on both lead service
line and galvanized interior pipes from CDWM are primarily
composed of amorphous aluminum, calcium, and phosphorus-
rich deposits, and not crystalline lead(Il) (or zinc)-
orthophosphate phases that are predicted by conventional
divalent lead plumbosolvency theory for orthophosphate
dosing.’®*% An understanding of the scales is essential to
study and implement procedures and strategies for effectiveand
timely repair of the protective scales damaged by LSL
disturbances, and to minimize the public’s exposure to high
lead levels that can result from dameging the scales.
Experimental evaluations are critical when scale compositions
fall outside the scope of well-understood predictive corrosion
control practices.

Ml ASSOCIATED CONTENT

* Supporting Information

Additional background information, tabular summaries of
sampling results, and graphics. This material is available free
of charge via the Internet at http://pubs.acs.org.
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Background

The Lead and Copper Rule (LCR) is a treatment technique regulation that requires all public
water systems to optimize corrosion control and utilizes tap sampling for lead and copper to
determine whether additional actions need to be taken by the system. It is important to note that
the sampling conducted under the LCR is not designed to evaluate individual consumers’ lead
exposure or risk and that the lead action level (AL) was not established as a health-based
number. The lead AL is the level which EPA determined in 1991 that systems could feasibly
meet, taking into account the available treatment technologies and the cost of those treatment
technologies. The lead AL should not be viewed or used as a threshold value to determine
whether the water is safe or unsafe to drink, and it should be reiterated that the EPA and CDC
have determined that there 1s no safe level of lead exposure (i.¢., no level at which there is not an
adverse effect).

Tap sampling conducted under the LCR is intended to measure the amount of lead and copper
corrosion that is occurring in public water systems using worst-case site selection and a specified
sampling protocol. The sampling protocols in the current LCR were established in 1991, based
on the existence of many potential sources of lead throughout the water distribution system,
including lead service lines connecting the water main to the homes, leaded-solder used to join
copper pipe, and leaded-brass devices, such as meters, brass connectors and shut-off valves,
faucets and fixtures. The current LCR sampling requirements are prescriptive and based on the
relative significance of lead sources in 1991. The sequential sampling protocol (described below,
and in the accompanying paper) that resulted in capturing the highest lead, as well as the sample
results themselves, are not allowed to be used in the current compliance calculation.

The LCR utilizes a combination of: worst-case site selection (sites expected to yield the highest
lead results); sampling protocols used to capture the highest lead; and repeated sampling at the
same sites in order to measure the level of lead corrosion that is occurring throughout the water
distribution system. Utilizing this sampling structure allows U.S. EPA to keep the sampling
burden on public water systems manageable, while still accomplishing the objectives of the
sampling under the LCR. Absent these key components, the number of samples needed to
accurately assess system-wide corrosion would necessarily need to increase substantially to
accomplish the objectives of the LCR.

The action level for lead 1s 0.015 mg/L, but is presented here as 15 pg/L for the purpose of using
consistent units for the data. An exceedance of the lead AL based on the sampling triggers
specific actions that a public water system must undertake to protect public health, such as
installing or adjusting corrosion control treatment and providing public education. Additionally,
where the corrosion control treatment has proven ineffective at lowering lead levels below the
lead AL, the removal of lead service lines is triggered. There are many different corrosion
mechanisms and factors that govern lead corrosion. The selection of sampling sites, sampling
protocol, and site conditions are essential components for evaluating the level of corrosion that is
occurring in the distribution system, regardless of the mechanism(s) or contributing factor(s). It
1s therefore critically important that the sampling protocol accurately portray the level of
corrosion that is occurring.
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Lead Service Line and Plumbing Information

As part of the sampling protocol, residents were asked to provide a plumbing profile (figure S1),
describing their internal plumbing, and identifying the location of the kitchen tap, and shut-off
valve/meter.

Home Plumbing and Service Line Diagrams
Below there are 4 diagrams for common household plumbing configurations and the 5™ diagram is blank. Please

review the diagrams and select the diagram that best matches the plumbing configuration for your home. Each of
the diagrams shows where the water service line comes into the home and where the kitchen tap is located. If none
of the four diagrams matches your home, use the blank diagram (number 5) to draw where the water service line
comes into your home and where your kitchen tap is located. If you do not know where the service line comes into
the home, you can note that in your Home Plumbing description below.

Note: Some homes have water meters and some do not. On the diagrams below, if you do not have a water meter,
pick the diagram that matches where your service line comes into your home and where the kitchen tap is, and cross
out the meter symbol ]

Home Plumbing Description: In the space below, please describe your home plumbing as best you can, from the
point at which the water service line comes into your home to the location of your kitchen tap (length of pipe,
diameter of pipe, pipe material, ¢tc.):

Water bieter

1« Seivice line cames into the home
atfnear the front of the home and the
kitchen tap is also st/near the front of the

4 Bervice Hine comes into the home
atfnesr the back of the home and the
Kitchen tap is at/near the front of the
s,

2 - Service line comnes into the home at/near
the front of the home and the kitchen tap &5
at/near the back of the home, :

| 5~ Other: 1f none of the other 4

| Diagrams matches your horoe plumbing,
| use this diagram to draw where the

; service line cornes into the horme, and

3 - Service line comes into the home atfnear | ' | where the Kitchen tap Is in your home.
the back of the home and the kitchen tap ; i

is wlso atfnear the back of the home.

Figure S1: Plumbing Profile Diagram
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Table S1 contains a summary of the LSL information for each sampling site. Due to the site-
specific plumbing characteristics, the liter which first begins to capture LSL water at each site
was expected to be variable, as was the liter which would begin to collect uncontaminated water
from the water mains. The study findings regarding whether the current sampling protocol is
capturing the corrosion that is occurring are not affected by this limitation.

1SL Length .

89 (27.1) 65 (19.8) IFW
73(22.3) IFW 66 (20.1) IFW
Unknown | Unknown 56 (17.1) IFW
80 (24.4) IBW 70(21.3) IFW
60 (18.3) IFW 66 (20.1) IFW
59+ (18.04) | BFW 47+ (14.34) Unknown
57(174) IFW 61+ (18.6+) Unknown

102 (31.1) BFW 159 (48.5) BFW
48+ (14.61) TW 49+ (14.9+) Unknown
50 (15.2) IFW 71+ (21.6+) IFW
53(16.2) IFW 43 (13.1) IFW
49+ (14.9+) | Unknown 43+ (13.1+) IFW
58+ (17.7+) | Unknown Unknown Unknown
76 (23.2) IFW 80 (244) BFW
63(19.2) IFW 110(33.5) IBW
46 (14.0) IFW 51(15.5) IFW

IFW = LSL ends just inside the front wall
IBW = LSL ends just inside the back wall
BFW = LSL ends at an unknown distance beyond the front wall

+ = Indicates that the LSL was measured from the water main to the front the home, and it
is not known whether the LSL extends beyond the front wall of the home.

Table S1: LSL Lengths — The length of the LSLs for most sites were measured and are presented in this table. The
LSLs for two sites (site 4 and site 34) were not measured.

Figure S3: LSL segment (3/4 inch/1.91 cm  Figure S4: Severely corroded galvanized
diameter) iron pipe.

Figure S2: LSL Bulb
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Figure S2 shows a typical LSL in Chicago coming up from the foundation of the basement. The lead service line is a
dull gray and easily scratched with a key. The soft LSL is typically soldered to the interior (houschold) plumbing,
leaving a characteristic bulb. The LSL can also be connected to household pipe using a brass compression fitting.

Figure S3 is a close-up of a 3/4 inch (1.91 ¢cm) diameter LSL, showing the thickness of a typical LSL.

Figure S4 is a cross-section of a severely corroded galvanized pipe from one of the sample sites. In this photograph
the inner diameter is significantly reduced which affects the volume of water that will flow through the pipe in a set
amount of time. For homes with corroded galvanized pipe, water will flow slower through the pipe and longer
flushing times are generally needed to flush the lead from the plumbing.

City Information
Samples were collected from 32 single-family homes in Chicago with LSLs. Twenty-three

homes were in the Jardine Plant service area and nine homes were in the South Plant service
area.

1893 Jardine

1960 Jardine

1941 South

1901 South

| 06 | 1953 Jardine N
1900 Jardine

| 08 | 1941 Jardine A
| 09 | 1920 Jardine

1943 Jardine

1912 Jardine

1952 Jardine

1950 South

1907 Jardine

1953 Jardine Legend

1912 Jardine . Boulh Sereon fron
1938 Jardine | Jording Servicn Area
1924 Jardine @ Sample locations
1944 South '

1906 Jardine

1917 South

1954 South

1891 Jardine

1932 Jardine

1890 Jardine

1954 South

1923 Jardine

1923 South

1927 Jardine

1915 Jardine

1900 Jardine

1957 South

1927 Jardine

Figure S5: Home age and plant service areas for sampling locations
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Table S2 contains a summary of the City’s compliance monitoring data for lead. The City
exceeded the lead AL only once, during the July-December 1992 compliance monitoring period.

City of Chicago (1992 —2010)
90'* Percentile Lead Values (ng/L)

Monitoring Period Begin | Monitoring Period End | Number of Samples 90th Percentile Value

1/1/2008 12/31/2010

1/1/2005 12/31/2607 50 6
1/1/2602 12/31/2004 50 4
1/1/1999 12/31/2001 50 7
1/1/1999 12/31/1999 50 8
1/1/1998 12/31/1998 53 14
7/1/1997 12/31/1997 100 11
1/1/1997 6/30/1997 100 10
1/1/1993 6/30/1993 100 13
7/1/1992 12/31/1992 120 20
1/1/1992 6/30/1992 100 10

Table S2: City of Chicago 90™ Percentile Compliance Values (1992 — 2010)
Laboratory and Analytical Information

All samples were inspected for visible particulates prior to delivery to the laboratory. In light of
the significant increase in visible particulate in the final round of monitoring, the presence of fine
particulates that would readily dissolve in the nitric acid preservative should not be discounted.
Samples collected during the final round of monitoring coincided with the Fire Department’s
annual valve exercising. Colloidal lead may explain some of the variability in lead levels
between the June and Sept/Oct rounds.

Laboratory blanks, laboratory fortified blanks and laboratory fortified samples were run at a
frequency of at least one per twenty samples. Laboratory blanks run with the samples did not
have any detections of lead above the reporting limit and all Laboratory fortified blanks and
laboratory fortified samples had recoveries greater than 90%.

All laboratory instrumentation was inspected and maintained according to Chicago Regional
Laboratory maintenance protocols, and calibrated daily according to Chicago Regional
Laboratory standard operating procedures.

The Chicago Regional Lab Quality Assurance (QA) Contact performed a data quality assessment
on the results based on laboratory blanks, laboratory fortified blanks and matrix spikes. The QA
Contact identified no biases in the sample results due to these quality control measurements.

Sampling Summaries

Sample site summary table - A summary table of the types of samples collected at each
site, for each sampling protocol is presented in Table S3 below. The highlighted rows for Sites 2,
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14, 15, 16 & 37 were confirmed not to have LSLs and Site 20 is the same residence as Site 21
(Kitchen tap and bathroom tap). Following the first round of sampling, Site 20 (bathroom tap)
was no longer sampled, to maintain consistency of using kitchen taps across all sites. Only
sample results from LSL sites are presented and analyzed in the study paper. The first liter of the
sequential samples in June and Sept/Oct also serve as the PF first-draw samples.

Site #

Summary of Samples Collected at Each Site

Total # Mar/April Sept/Oct

Samples

>
@

joul
W/

E-12 samples E-14 samples

03 30 A, C B,D E-12 samples A E-11 samples F,.G
04 16 A, C B,D E-11 samples DNS DNS DNS
05 28 A, C B,D E-12 samples A E-11 samples DNS
06 28 A, C B,D E-12 samples A E-11 samples DNS
07 35 A, C B,D E-12 samples A E-15 samples F,G H
08 35 A, C B,D E-12 samples A E-15 samples F,G,H
09 30 A, C B,D E-12 samples A E-11 samples F.G
10 34 A, C B,D E-12 samples A E-14 samples F,G H
11 30 A, C B,D E-12 samples A E-11 samples F,.G
12 34 A,C B,D E-12 samples A E-14 samples F,G H
13 16 A,C B,D DNS A E-11 samples DNS
17 34 A, C B,D E-12 samples A E-14 samples F,G H
18 30 A,C B,D E-12 samples A E-11 samples F,.G
19 27 A,C B,D E-12 samples DNS E-11 samples DNS
DNS

21 28 A, C B,D E-12 samples A E-11 samples DNS
22 28 A, C B,D E-12 samples A E-11 samples DNS
23 30 A, C B,D E-12 samples A E-11 samples F.G
24 33 A, C B,D E-12 samples A E-14 samples F,.G
25 16 A, C B,D E-12 samples DNS DNS DNS
26 30 A, C B,D E-12 samples A E-11 samples F.G
27 33 A, C B,D E-12 samples A E-14 samples F,G
28 30 A, C B,D DNS A E-11 samples F,.G
29 40 A, C B,D E-12 samples A E-20 samples F,G,1
30 18 A, C B,D DNS A E-11 samples F.G
31 31 A, C B,D E-12 samples A E-12 samples F,.G
32 28 AC B,D E-12 samples A E-11 samples DNS
33 33 A, C B,D E-12 samples A E-14 samples F,G
34 18 A,C B,D DNS A E-11 samples F.G
35 30 A C B,D E-12 samples A E-11 samples F,.G
36 30 AC B,D E-12 samples A E-11 samples F,G
38 16 A, C B,D E-12 samples DNS DNS DNS

A = NHU First-draw Sample F = 3-minute Flushed Sample

B = PF First-draw Sample G = 5-minute Flushed Sample

C =NHU 45-Second Flushed Sample H = 7-minute Flushed Sample

D = PF 45-Second Flushed Sample [ = 10-minute Flushed Sample

E = Sequential Sample DNS = Site did not sample

Table S3: Summary of samples collected at each site using each sampling protocol.
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First-draw and 45-second flushed samples — Results for first-draw and 45-second
flushed samples using the normal household use (NHU) and pre-flushed (PF) sampling protocols
are presented in Table S4 below.

In addition to the first-draw samples, a 45-second flush sample was collected by running the
water for 45 seconds immediately following the collection of the NHU first-draw and PF first-
draw samples during the March/April sampling. Overall, the 45-second flush sample results were
higher than the first-draw results, and yielded a higher percentage of results above the lead AL.
A total of 32 NHU/45-second flushed and 32 PF/45-second flushed samples were collected, with
6 NHU 45-second flushed results above the lead AL (19%), and 5 PF/45-second flushed results
above the AL (16%). The total number of 45-second flush sample results above the lead AL was
11 of 64 (17%); a percentage significantly higher than the first-draw results (2%).

First-draw and 45-second Flushed Sample Lead Results (ug/L)
. A C B D B B
1 . . . . . | .
. . | ] .

A - NHU EFust-draw Sample D — PE 45-Second Flushed Sample
B — PE First-draw Sample DNS - Site did not sample
C — NHLI 45-Second Flushed Sample n — number of samples collected

Table S4a: First-Draw and 45-Second Flushed Sampling Results. Samples that were above the lead AL are in bold,
and samples that contained visible particulates are shaded yellow.
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Summary of NHU and PF First-Draw Results

NHU PE PF NHU PFE
(Mar/Apr) | (Mar/Apr) (June) (Sept/Oct) | (Sept/Oct)

90th %ile

Pb Value 8 7 8 10 9

(ug/L)

No. of 32 32 28 29 30
Samples

No. > AL 0 0 0 2 ]

Table S4b: Comparison of LCR-equivalent 90™ percentile results using alternative first-draw protocols.

Sequential sampling results (June 2011) — The sequential sampling approach provided a
more reliable (volumetric) method for assessing corrosion as compared to a flushed (time-based)
approach. Attempting to characterize the flow at each site would require an evaluation of the
plumbing materials and dimensions, as well as the condition of the plumbing materials at each

site, is not a feasible or reliable protocol for compliance monitoring.

The results of the each liter in the sequential sampling conducted in June are tabulated below in

Table S5 by site.

June Sequential Sampling Results by Site/Liter (1g/L)

3

4

5

Liter

6

7

8

9

6.98 10.5 248 | 278 | 275 | 243 | 226 17.8 195 | 200 | 211 19.6
5.82 g9l | 9.18 102 13.1 14.6 144 12.9 12.1 116 107 | 934
3.61 5.56 717 | 890 | 941 878 | 830 | 514 | 359 | 311 | 296
2.56 6.73 14.0 17.3 165 | 985 | 672 | 620 | 601 | 573 | 565 | 560
2.50 223 228 257 | 244 | 295 | 265 259 | 357 | s26 | 467 4.80
491 545 | 628 | 673 | 7.03 | 229 | 236 19.7 16.3 16.2 16.7 14.6
1.1 128 | 216 197 | 320 | 335 | 322 | 289 | 321 207 | 242 18.7
10.4 180 | 208 | 200 17.9 17.0 15.8 147 143 12.9 11.5 9.48
3.70 520 | 539 | 649 | 149 | 236 | 224 | 2109 | 239 | 202 | 207 | 200
2.15 258 | 276 | 297 | 336 | 361 | 373 | 38 | 428 | 411 | 411 | 443
1.80 295 | 355 | 669 | 209 | 269 | 257 | 251 249 | 224 | 159 | 780
237 846 | 712 | 720 | 727 | 105 991 | 956 | 226 | 233 | 247 | 630
455 573 | 512 | 643 | s41 | se2 5.5 938 14.0 12.1 113 116
2.90 262 | 241 822 | 458 | 3.6 | 402 | 507 | 457 | 406 | 331 | 282
3.16 312 | 308 | 297 | 130 | 206 18.7 16.4 16.3 142 | 678 | 321
2.06 28 | 511 542 | 68 | 126 | 780 | 711 | 652 | 655 | 755 | 745
8.30 9.06 | 111 13.5 13.2 124 117 1.0 | 955 | 716 | 569 | 5.41
4.63 606 | 643 | 524 | s06 | 491 502 | 821 11.9 12.6 11.9 122
428 428 | 415 | 423 | 682 | 109 113 10.9 10.1 968 | 917 | 882
3.51 383 | 399 | 393 | 386 | 399 | 400 | 401 | 412 | 439 | 430 | 423
8.06 913 | 984 | 103 104 114 | 1310 | 139 142 133 122 10.1
13.7 357 18.8 17.7 16.8 16.5 16.6 157 14.4 14.1 13.7 134
4.03 503 | 514 | 617 | 131 15.4 15.6 163 | 208 188 | 791 | 448
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June Sequential Sampling Results by Site/Liter (11g/L)

Liter
2 3 4 5 6 7 8 9

3.08 2.29 2.07 2.28 6.95 15.5 9.91 927 8.30 6.12 2.60
5.18 6.85 10.0 7.74 9.61 13.9 16.4 13.5 12.3 13.7 10.7
2.86 7.89 129 11.9 9.85 8.59 7.28 6.82 6.23 5.34 5.02
5.02 6.90 7.68 8.46 9.90 9.81 9.51 9.34 9.19 8.93 9.20
1.92 3.04 3.06 3.04 291 3.03 3.12 3.07 3.36 321 3.04
Min 1.80 225 | 207 | 228 | 244 | 275 | 265 | 259 | 336 | 311 | 260
137 357 | 248 | 278 | 320 | 335 | 322 289 | 321 297 | 247 | 209
483 728 | 842 | 907 | 111 13.1 124 117 125 117 103 8.50
104 128 | 208 | 197 | 209 | 243 | 236 | 209 | 239 | 224 | 211 18.7

Table S5: Summary of June Sequential Sampling Results. Samples that were above the lead AL are in bold, and
samples that contained visible particulates are shaded yellow.

Sequential Sampling Results (September and October 2011) — The results of the each
liter in the sequential sampling conducted in September and October are tabulated below n
Table S6 by site. Considerably more sample results contained visible particulates than in
previous rounds. The presence of particulates may be a result of the Chicago Fire Department
exercising valves during the time period when samples were being collected.

All sites collected at least 11 sequential samples, and some sites with high sample results in June
collected additional samples. The additional sequential sample results are included here but were
not included in the data analyses, since extra samples were collected only from sites with high
lead. A review of the data, including and excluding these additional results was performed to
ensure that a bias has not been introduced, and the review indicates that the study findings are
not significantly affected by including or excluding the data. With the additional 39 samples
included, a total of 80 of 358 sample results (22%) exceeded the lead AL. Using only samples 1
through 11 from each site, a total of 75 of 319 sample results (24%) exceeded the lead AL. For
the purpose of the data analyses, the first liter sample from the sequential samples in June and
Sept/Oct also serve as the first-draw PF sample.
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Sept/Oct Sequential Sampling Results by Site/Liter (ug/L)
-

01
03
05
07
10
11
12
13
17
18
19
21
22
23
24
26
27
28
29
30
31
32
33
34
35
36
Min
Max

90" %ile

Liter
3 4 6 7
1087

| 164 | 198 | 230 | 303 | 257 | 224 | 19.0 | 173 | 122
9.01 | 357 [ 253 1 296 | 217 | 285 | 755 | 574
545 | 441 | 407 | 409 | 372 | 342 | 335 | 342 | 3.17

491 | 553 | 481 [ 817 [ 861 | 867 . '
275 | 380 | 325 | 337 | 580 | 601 | 615 | 518 | 383
3.03 | 3.04 | 168 | 182 | 161 | 13 . 150 | 5.24
. 560 | 539 | 632 | 849 | 742 | 720 | 664 | 7.09 | 736
L 702 | 899 | 11.0 | 125 [ 121 [ 128 [ 11.8 [ 105 [ 12.1 | 101
730 | 638 | 645 | 659 | 682 | 106 | 145 | 132 | 128
452 | 446 | 452 | 426 | 518 | 540 [ 594 | 572 | 582
122 | 125 [ 125 [ 131 | 163 | 18. 189 | 196 | 173
539 | 532 | s} BHL | 573 | B¢ 530 | 549 | 555
183 | 17.3 ) 16.2 12.8 13.2
8.67 | 9.54 909 | 110 | 129 | 229 | 313 | 318 | 331
520 | 672 | 156 | 134 | 173 | 185 | 239 | 163 | 5.70
203 [ 222 [ 550 [ 173 [ 942 | 907 | 863 | 764 | 3.50
| 128 | 909 | 120 | 141 | 216 | 166 | 165 | 158 | 141
. 162 | 173 [ 266 | 291 | 2 317 | 210 | 1.90
344 | 742 | 146 | 189 | 160 | 125 [ 101 [ 956 | 760 | 818 | 7.21
461 [ 501 [ 551 [ 61t | 130 | 116 | 103 [ 104 [ 109 [ 103 [ 993
152 | 172 | 169 | 162 | 173 | 228 | 281 | 217 | 220 | 210 | 1.90
176 | 367 | 214 | 223 | 230 | 303 | 331 | 298 | 324 | 318 | 331
545 | 783 | 830 | 850 | 105 | 119 | 122 | 120 | 125 | 120 | 106
919 | 128 | 164 | 189 | 183 | 196 | 216 | 223 | 229 | 191 | 171

Table S6a: Summary of September/October sequential sampling results used in data analyses. Samples that were
above the lead AL are in bold, and samples that contained visible particulates are shaded yellow.
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Sept/Oct Sequential Sampling Results by Site/Liter (ng/1.)
_

90" %ile 13.9 15.3 15.4 10.7 9.29 8.99 8.77 8.73 8.39

Table S6b: Summary of Supplemental September/October sequential sampling results not used in data analyses.
Samples that were above the lead AL are in bold, and samples that contained visible particulates are shaded yellow.
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Stagnation Times — Volunteers were asked to record the date and time water was last used, and
the date and time when sampling began for each set of samples. Table S6c is a summary table
which contains the stagnation times for the sequential samples, which is the amount of time the
water sat motionless in the household prior to sample collection.

Sample Collection Stagnation Times

June Sequential Sept/Oct Sequential
Sampling Sampling

Stagnation Stagnation
Site Time Site Time
(hrs:mins) (hrs:mins)

1 6:32 1 8:04
3 7:13 3 7:45
4 7:06 5 7:45
5 7:00 6 8:00
6 9:10 7 7:13
7 7:24 8 6:05
8 7:35 9 7:20
9 8:15 10 Hokok
10 6:06 11 7:08
11 7:00 12 6:26
12 8:06 13 Hokok
17 6:25 17 6:55
18 8:43 18 12:53
19 6:30 19 Hokok
21 6:15 21 6:00
22 6:20 22 6:15
23 7:45 23 9:00
24 8:33 24 7:01
25 8:32 26 7:00
26 7:00 27 7:45
27 7:00 28 8:00
31 7:26 30 10:45
32 7:13 31 7:30
33 7:02 32 6:54
35 7:04 33 9:06
36 7:45 34 7:05
38 7:13 35 6:55
36 8:47
***Volunteer did not record date/time the water was
last used, but said it was the day before and was at
least 6 hours before sampling.

Table S6c: Summary of stagnation times for sequential sampling.
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Seasonal Variability — Table S6d contains a site by site comparison of lead concentrations.

Seasonal Variability (Spring vs. Fall & Summer vs. Fall)

) Sept/Oct > . Sept/Oct > | Sequential Sept/Oct >
First-Draw NHU Mar/Apr First-Draw PF Mar/Apr | Samples Tune
Nq. of Sample 23 Nq. of Sample 29 Nq. of Sample 785
Pairs Pairs Pairs
No. Higher in No. Higher in No. Higher in

Sept/Oct Sept/Oct Sept/Oct

19 20 156
% Higher in . % Higher in o % Higher in o
Sept/Oct Sept/Oct e Sept/Oct -
First-Draw Samples: Mar/Apr vs. Sept/Oct (Same Site, Same First-Draw Protocol Compared)
Sequential Samples: June vs. Sept/Oct (Same Site/Same Liter Compared)

Table S6d: Scasonal variability effects observed.

Flushed sample results — The results of the flushed samples collected in September and October
are tabulated in Table S7 by site. Most sites collected a 3 minute and 5 minute flushed sample.
Some sites collected a 3, 5, and 7 minute flushed sample; and one site (site 29) collected a 3, 5,
and 10 minute flushed sample, due to the length of the service line (159 ft / 48.5 m).

A flushed sample is collected by fully opening the sample tap and letting the water run for at
least five minutes prior to a minimum 6 hour stagnation period. The date and time of the PF was
recorded. After the minimum 6 hour stagnation period, and immediately before beginning the
flushed sample collection, the date and time were again recorded and used as the start of
sampling. The 3, 5, 7 and 10 minutes are measured from that start time, and water was not turned
off between samples. For sequential sampling and flushed samples, the water was not turned off
between samples.

EPA’s current Public Notification Handbook includes instructions that advise residents to run the
water between 30 and 45 seconds before collecting water for consumption if the water has not
been used for an extended period of time. Running the water (flushing) for 45 seconds resulted
in high lead levels at the tap for some sites. The flushed sampling results in this study indicate
that EPA should develop a more appropriate flushing guidance, based on whether a home has a
LSL or not, and the length of the LSL.

For homes with long LSLs, such as Site 29 (159 ft / 48.5 m), flushing may not be a practical way
to reduce lead levels, as lead levels did not decline any further following 3, 5 and 10 minutes of
flushing. In the case of site 29, residents would likely have a minimum of approximately 8 to

11 pg/L of lead in the drinking water for all water consumed, and should consider installing a
water filter or using bottled water for drinking and cooking.
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Flushed Sample Summary Table (ug/L)

Mar/Apr 2011 | Mar/Apr2011 | Sept/Oct2011 | Sept/Oct2011 | Sept/Oct2011 | Sept/Oct 2011
NHU 45s¢c PF 45sec 3min 5 7min

01
03

113 119 - 0 e97 1 ]
12.0 671 -
04 6.76 256
05 132 141
06 190 213
07 153 24.9
08 322 28.0
09 15.9 17.7
10 25.0 216
11 413 530
12 17.2 545
13 350 294
17 400 370
18 957 124
19 469 827
20 2.80 254
21 6.87 138
22 9.19 7.93 e
23 13.1 115 . -
24 510 498 . . 0
25 375 ND
26 3.02 345
27 453 376
28 499 470
29 135 28.6
30 125 652
31 316 123
32 229 782
33 16.4 140
34 151 330
35 528 105
36 111 876
38 160 230

NHU 45sec Samples were collected following the collection of the First-Draw NHU samples by running the water
for 45 seconds following the collection of the FirstDraw NHU sample.

PF 45sec Samples were collected following the collection of the First-Draw PF samples by running the water for 45
seconds following the collection of the First-Draw PF sample.

3min, Smin, 7min, and 10min flushed samples were collected after pre-flushing the tap for at least 5 minutes prior to
the minimum 6 hour stagnation time during which no water was used in the home. Following the stagnation period
and prior to sample collection, residents flushed the tap for 3 min to collect the 3min sample, and then an additional
2min for the Smin sample or 4min for the 7min sample. One site (site 29) had the longest lead service line so this
site collected a 3 min, 5 min and 10min flushed sample (water was flushed for an additional 5 minutes following the
collection of the 5min sample to collect the 10 min flushed sample). Water was not turned off in between samples to
avoid the water hammer effect. Residents were instructed to have the bottles ready to insert under the faucet at the
appropriate time.

Site 20 and Site 21 are the same residence. Site 20 was the upstairs bathroom and Site 21 was the kitchen sink. Note
that neither the 45sec NHU nor PF samples from the upstairs tap captured any LSL water, while at least one of the
kitchen tap samples did.

Table S7: Summary table of flushed sample results. Samples that were above the lead AL are in bold, and samples
that contained visible particulates are shaded yellow.
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Classification of Disturbed LSL Sites — A summary of the classification of each site as
“disturbed”, “undisturbed”, or “indeterminate” is presented in Table S8, along with the number
of samples collected per site and the number and percentage of sample results above the lead
action level. The results from the “disturbed” and “undisturbed” sites are consistent with other
research efforts showing that LSL disturbances result in higher lead levels!™!.

Disturbed, Undisturbed and Indeterminate Site Summary

. Total # Samples . Total # Samples . Total # Samples
Collected | (Disturbed) Collected | (Indisturbed) Collected | (Indeterminate)
01 27 16 03 27 12 27 17
05 27 2 04 14 21 27 7

4
0
07 27 11 06 27 0 33 27 6
08 27 19 11 27 0 N
09 27 15 13 15 0 -
10 27 15 18 27 0 -
17 27 3 19 27 0 -
27 27 5 22 27 0 - -
28 15 0 23 27 0 N N
29 27 15 24 27 0 N N
30 15 4 25 14 0 N N
31 27 10 26 27 0 - -
35 27 2 32 27 2 N N -
34 15 0 N - -
36 27 0 - - -
- - 38 16 0 -

39 | ur | Yoty | 31 ] 6 1 dotas | 81 | 30 |
% of samples above AlL: 36% % of samples above Al : 2% % of samples above Al: 37%

Table S8: Summary Table of Disturbed, Undisturbed and Indeterminate Sites, with the number and percentages of
sample results above the lead AL for each site and each grouping.

Many direct LSL disturbances are localized to a specific segment of the LSL, and yet some sites
have higher lead levels in sample liters over a significant portion of the LSL, not just in the
immediate area of the LSL that was disturbed. A probable reason is that, except for the initial
liter of water, each subsequent one-liter sample reflects both lead levels within the segment of
the plumbing where the water stagnated as well as a contribution from the rest of the plumbing
the water travelled through. For example, the fifth liter of water collected from a kitchen tap will
not only capture the lead from the segment of LSL where the water stagnated, but it will also
collect contributions from the plumbing downstream as the water passes through the remaining
LSL and internal plumbing on the way to the kitchen tap. If the sample results only represented
the portion of the plumbing where the water stagnated, it would be expected that a variety of
metals would be found in the initial liters due to the presence of a variety of metallic plumbing
materials and components, but only lead should be found in the LSL samples. In this study, a
variety of metals was detected even in samples that represented LSL samples (Figure S6).

Specifically, for Site 9, information provided by the resident indicated that the internal pipe from
the LSL to the kitchen tap was galvanized iron pipe. This was confirmed by the co-occurrence of
higher levels of zinc and iron within the first liter of water in figure S6. There were no copper
pipes in the home, so the presence of the copper is indicative of brass components (faucet,
connectors, shut-off valve(s), and the water meter). Trace amounts of iron, zinc and copper are
captured in the later liter samples as the water flows through the internal plumbing en route to
the kitchen tap, along with traces of iron, potentially from the water main. It can reasonably be
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assumed that the same phenomenon occurred for lead. Disturbed areas of the LSL have damaged
scale, which can expose water passing through them to fresh lead. Therefore, lead measured n
any sample upstream of the damaged area may include lead contributions from the damaged
area.

Sample Location: Site 9 (June Sequential Sampling)
B lead ®Copper fron B Zinc

25 -

Lead, Copper {ug/L)

10

11

12

- 90

Iron, Zinc {ug/L)}

Figure S6: The LSL at Site 9 measures approximately 102 ft (31.1 m) from the water main to the meter. From the
meter, there is approximately 13.5 ft (4.1 m) of 1 inch (2.54 cm) galvanized pipe to the kitchen tap.

Variability of lead levels in City B — A second city, City B, exceeded the lead AL during
the July-Dec 2010 monitoring period, and was required to comply with the LSL replacement
requirements in the LCR. Table S9 contains the compliance monitoring history for City B.

Monitoting Period Monitoring Period | Numberof | Lead 90" Percentile
Begin Date End Date Sanmples Value

(ug/h
7/1/2011 12/31/2011 101 12
1/1/2011 6/30/2011 130 14
7/1/2010 12/31/2010 105 23
1/1/2009 12/31/2009 51 15
1/1/2008 12/31/2008 58 14
1/1/20607 12/31/2007 50 11
1/1/2006 12/31/2006 60 14
1/1/2005 12/31/2005 54 13
1/1/2004 6/30/2004 104 12
7/1/2003 12/31/2003 108 12
1/1/2002 12/31/2004 50 15
1/1/1999 12/31/1999 55 14
1/1/1998 12/31/1998 50 6
1/1/1997 12/31/1997 50 7
7/1/1996 12/31/1996 50 15
1/1/1996 6/30/1996 50 15
7/1/1992 12/31/1992 50 15
1/1/1992 6/30/1992 50 21

Table S9: City B 90™ percentile compliance values (1992 —2012). Samples that were above the lead AL are in bold.
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The sampling instructions presented in Figure S7 are in accordance with the LCR, and were used
to collect the LSL samples in City B, which has approximately 25,000 LSLs.

Instructions for Lead Sample Collection

1 Make sure the faucet used for sample collection is NOT attached to a water softener or any filtering
device.
Z At bedtime, make sure the following rule is followed:
o The water for the entire house, not just the faucet that is being used for collection, remains
undisturbed for a period of at least six hours.
*  No faucets in the house are used, which includes the bath tub, shower and sinks.
= The toilet is not flushed during this time period.
*  The water is not run for an ice maker.
3 Whaen you are ready to collect the sample:
o Make sure the sample is taken before any other water is used.
= Open the collection container.
®  Turn on the cold water.
»  Allow the water to run until there is a significant change in temperature.
*  Fill the container to the shoulder,
* Do not rinse the bottle out.
*  Immediately cap the sample container.
4  Fill out the enclosed chaln of custody form and survey.
5 Fold and secure the chain of custody form and survey with a rubber band around the outside of the
sample container.
o Place the container outside where it was-delivered. .
A city utilities employee will pick up the sample container. No one will enter your home, The sample
must be left outside to be picked up.

X
"

Figure S7: LSL sampling instructions provided by City B to residents.

The sampling protocol used for collecting LSL samples (“allow the water to run until there is a
significant change in temperature”) can result in some sample results reflecting lead levels from
internal plumbing rather than from within the LSLs.

The results from City B are presented below in Figure S8. Similar to the results presented for the
study of Chicago, City B’s results show significant variability in LSL lead levels across the
system. Following the 2010 lead AL exceedance, the City B took 1,975 LSL samples, with a
total of 1,762 results (89%) below the lead AL and 213 results (11%) above the lead AL. LSL
results above the AL were significantly variable, ranging from 16 pg/L to 580 pg/L with a large
number of sample results in exceedance of 50 ug/L.
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Lead Service Line Results Above AL-City B
{Flush until Significant Temperature Change}

Number of Samples
-
o

10 3 3 1 3 3 1
1] . i1 1
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Range of LSL Lead Values {ug/L)

Figure S8:; Range of lead values for City B LSL sampling results
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consistent during both sampling periods (see Figures S9 — S40).

Sequential Sampling Summary Graphs —The headers are color-coded based on whether
the site has a disturbed LSL (red) or an undisturbed LSL (green). Sites for which this could not
be determined (indeterminate sites) are color-coded orange. Water usage information is listed for
cach site. The samples which contained visible particulates are highlighted yellow, and the
results that are above the lead AL are in bold text in the data tables. For sites that conducted
sequential sampling in both June and Sept/Oct, the sequential sampling profiles were generally

1 7.0 9.2
2 11 13
3 25 21
4 28 22
5 28 22
6 24 20
7 23 17
8 18 16
9 20 15
10 [ 20 | 4 |
11 21 14
12 20 14
13 14
14 12

Site 1

e J1 46 emseffffe Sepy t/ Ot

g 10 11 12 13 14

Disturbance(s): Water meter installed in 2010
Approximate LSL Length: 89 {t (27.1 m)
Ave Monthly Water Use: 3,444 gal. (13,037 L)

Figure S9: Sequential Lead Results - Sample Site #1 (June and Sept/Oct)

s | 83

1

2

3 9.2
4 10
5 13
6 15
7 14
8 13
9 12
10 12
11 11
12 9.3

Site 3 e U1 sl Sept/ Oct
25.0
20.0
= 15.0 A
iy
2 o
£ 10.0 e
5.0
0.0
1 2 3 4 5 [ 8 9 10 11 12

Disturbance(s): No known disturbance
Approximate LSL Length: 73 ft (22.3 m)
Ave Monthly Water Use: Not metered

Figure S10: Sequential Lead Results - Sample Site #3 (June and Sept/Oct)
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e = T

Site 4
10.00
1 | 3.61 .00
2 | 5.56
3 I 6.00
4 | 717 5 7
5 | 8.90 %
6 | 9.41 a 400
7 | 8.78
8 8.30 2.00
9 | 5.14
10 | 3.59
T 0.00 e
PR 1 2 3 4 5 6

Disturbance(s): No known disturbance
Approximate LSL Length: Unknown
Ave Monthly Water Use: Not metered

Figure S11: Sequential Lead Results - Sample Site #4 (June)

Site 5 s U1 sl Sept/ Ot
200
1 26 ////////}i" /g}/}é}ég}égggﬁ
2 o7 [RI] 150
3 .
4 17 11 f‘a
z 91; ;%///////5)/% gmo
o 55 5.0
8 63 52
9o [ 60 || AE ] oo
ifi;ii 1 2 3 4 5 % g8 9 10 11 12
12 | 56

Disturbance(s): Water meter installed in 2011
Approximate LSL Length: 80 {t (24.4 m)
Ave Monthly Water Use: 10,400 gal. (39,368 L)

Figure S12: Sequential Lead Results - Sample Site #5 (June and Sept/Oct)
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Site 6 i U oolifhe St/ Oct
6.0
1 2.5 2.3 50 '
2 22 2.2 -
3 2.3 3.4 - 4.0
4 2.6 24 = 4
5 | . 53 % 3.0 M
6 (28 23 20 —
7 2.7 2.8
8 2.6 2.3 1.0
9 3.6 2.2
10 [ 53 4.2 0.0
11 4.7 5.0 1 2 3 4 5 6 7 8 9 10 11 12
12 4.8
Disturbance(s): No known disturbance
Approximate LSL Length: 60 ft (18.3 m)
Ave Monthly Water Use: Not metered
Figure S13: Sequential Lead Results - Sample Site #6 (June and Sept/Oct)
Site 7 g JUEYE o Sept/ 00t
1 4.9 4.0 25.0
2 55 4.3
3 6.3 5.7 20,0
4 6.7 5.8
5 | 70 9.9 150 &
6 23 15 S
7 24 15 £ 10.0
8 20 15
9 16 12 5.0
10 16 15
11 17 14 0.0
12 15 13 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15
13 9.3
14 6.5
15 6.0 Disturbance(s): Street excavation, potential installation of Cu whip at service connection in 2008

Approximate LSL Length: 59+ ft (18.0+ m)
Ave Monthly Water Use: Not metered

Figure S14: Sequential Lead Results - Sample Site #7 (June and Sept/Oct)
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1 | 11 9.2
2 | 13 9.0
3 | 22 10
4 | 20 12
5 | 32 18
6 | 34 25
7 | » 23
8 | 29 2
s | 3 23
10 | 30 19
11| 24 16
12 | 19 13
13 93
14 7.9
15 63

Site 8

40.0

e JUTYE eeoon Sept/Oct

350
30.0

= 25.0
S,

2200
& 150

10.0
5.0
0.0

10 11 12 13 14 15

Disturbance(s): Leak in parkway, repaired roundway in 2005.

Approximate LSL Length: 57 {ft (17.4 m)
Ave Monthly Water Use: Not metered

Figure S15: Sequential Lead Results - Sample Site #8 (June and Sept/Oct)

Sept/Oct

1
3

4 20 21

5 18 20

6 17 18

7 16 16

8 15 16

11 12 16

12 10

Site 9 s June wiggoss Sept/ Oct
25.0
20.0 "
j s
2 150 m
=
= 100 N
5.0
0.0
12 3 4 5 6 7 8 9 10 11 12

Disturbance(s): Water meter installed in 2008.
Approximate LSL Length: 102 ft 31.1 m)

Ave Monthly Water Use: 3,190 (12,075 L) — In Sept 2011, usage was 24,000 gal. (90,850 L) due to
hose left running for one or more days. In calculating the overall average, the Sept 2010 value of
8,000 gal. (30,283 L) was also used for Sept 2011 instead of the 24,000 gal. (90,850 L) value.

Figure S16: Sequential Lead Results - Sample Site #9 (June and Sept/Oct)
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SeptOnt Site 10 s JUunre omfifpens Sept/ Ot
1 3.7 3.5
35.0
2 52 6.3
3| 54 62 30.0 "
4 6.5 5.1 25.0 4
5 15 15 2 200
6 24 21 o
7 | 22 3 2 130 \,
8 22 30 10.0 g
9 24 32 50
10 20 28
11 21 28 0.0
B 21 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15
13 27
14 21 Disturbance(s): Service leak repair, water meter installed in 2009.
15 1 Approximate LSL Length: 48+ ft (14.6 m)

Ave Monthly Water Use: 1,826 gal. (6,912 L)
Figure S17: Sequential Lead Results - Sample Site #10 (June and Sept/Oct)

Site 11 s JUTVE sl Sent/Oct
60
1 2.2 3.0 5.0 M‘V»%
2 | 26 4.1 memwww
3 | 28 39 - 40 e e o o
4 | 30 39 B30 |’
5 3.4 43 = o
6 3.6 4.4 20
7 37 4.4
8 3.8 47 10
9 43 5.0 0.0
10 | 41 4.8 1 2 3 4 5 ' 7 8 9 10 11 12
11 4.1 4.5
12 44

Disturbance(s): No known disturbance
Approximate LSL Length: 50 ft (15.2 m)
Ave Monthly Water Use: Not metered

Figure S18: Sequential Lead Results - Sample Site #11 (June and Sept/Oct)
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Approximate LSL Length: 53 (16.2 m)
Ave Monthly Water Use: Not metered

Figure S19: Sequential Lead Results - Sample Site #12 (June and Sept/Oct)

Site 12 e JUFYE i Septf Oct
35.0
2 30.0
3 25.0 ,
4 | s
5 21 23 "a;nz”
6 27 30 = 150
7 26 26 & 100
8 25 22 :
9 25 19 5.0
10 | 22 17 0.0
1L | 16 12 1 2 3 4 s 6 7 10 11 12 13 14
2 | 78 7.0
13 33
14 2.0 Disturbance(s): Indeterminate

Site 13 aoline Sept/OCt
10.0
9.0
8.0 ~
' — 7.0 o \ |
5560 \ -
=50 \
%////z//fffff//f///ﬁ%//////// S 40 /
- 30 ;
//////////M//////////// | ~w
10
- 0.0 ; ; ; : ! : ! . !
i? Z:? 1 2 3 4 5 6 8 9 1 1

Disturbance(s): No known disturbance
Approximate LSL Length: 49+ ft (4.9 m)
Ave Monthly Water Use: Not metered

Figure S20: Sequential Lead Results - Sample Site #13 (Sept/Oct)
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| Liter | June | SeptOct
1| 24 27
2 | 85 24
3 | 71 55
4 | 72 44
5 | 73 41
6 | 11 41
7 | 99 37
8 | 96 34
9 | 23 34
10 | 23 34
1 | 25 32
12 | 63 28
13 26
14 26

Site 17

30.0

o JUTLE o S et/ (CE

25.0

e 20,0
ol

S,
%150

Ph{

10.0

5.0

0.0

10 11 12

Disturbance(s): Meter replacement in 2008.
Approximate LSL Length: 58+ ft (17.7+ m)
Ave Monthly Water Use: 9,772 gal. (36,991 m)

Figure S21: Sequential Lead Results - Sample Site #17 (June and Sept/Oct)

| Liter | June | SeptOct |
1 46 4.8
2 5.7 5.1
3 5.1 49
4 6.4 5.5
5 5.4 4.8
6 5.6 82
7 55 8.6
8 9.4 8.7
9 14 12
10 ] 7
11 11 11
12 12

Site 18

16.0

e JUNE el Sept/ Oct

14.0

12.0
o 10.0

8.0

Phb {ug/

6.0

4.0
2.0
0.0

Disturbance(s): No known disturbance
Approximate LSL Length: 76 ft (23.2 m)
Ave Monthly Water Use: Not metered

Figure S22: Sequential Lead Results - Sample Site #18 (June and Sept/Oct)
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| Liter | June | Sept/Oct |

1| 29 3.0
2| 26 31
3 | 24 28
4 | 82 38
5 | 46 33
6 | 32 34
7 | 40 58
8 | 51 6.0
9 | 46 62
10 | 41 52
11| 33 38
12 | 28

Site 19

il JUTVE e SEP T/ Ot

Wi

Disturbance(s): No known disturbance
Approximate LSL Length: 63 ft (19.2 m)
Ave Monthly Water Use: Not metered

Figure S23: Sequential Lead Results - Sample Site #19 (June and Sept/Oct)

| Liter | June | SeptOct |
1 32 3.0
2 3.1 3.4
3 3.1 3.0
4 3.0 3.0
5 13 17
6 21 18
7 19 16
8 | 16 | 10
9 16 15
10 14 15
11 7.0 52
12 32

Site 21
25.0

e JLIFLE2 sl Gept/ Oct

20,0

15.0

pe/fl)

£ 100

5.0

0.0

Disturbance(s): Indeterminate
Approximate LSL Length: 46 ft (14.0 m)
Ave Monthly Water Use: Not metered

Figure S24: Sequential Lead Results - Sample Site #21 (June and Sept/Oct)
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Site 22 s JUne  owifffss Sept/ Oct
14.0
SepiOet
T | 21 23 12.0
7 | 28 29 10.0
3| 51 56 = 4o
4 | 54 54 3 8 =
5 | 69 63 2 60
6 13 8.5 o 20
7 | 78 74 ‘
g | 71 72 2.0
9 | 65 66 00
1(1) j: ;i 1 2 3 4 6 7 8 9 10 11 12
2 | 75

Disturbance(s): No known disturbance
Approximate LSL Length: 65 ft (19.8 m)
Ave Monthly Water Use: Not metered

Figure S25: Sequential Lead Results - Sample Site #22 (June and Sept/Oct)

Site 23 s JUpe oosfffen Sept/Oct
o
ey 1 )
1 [ 83 [ #g 14. -
2 | 91 8.0 12.0 -
3 11 2.0 = 10.0
g
4 14 1 B 40
5 13 13 =
6 12 12 o 6.0 i
7 12 13 4.0
8 11 12 2.0
3 | 96 m 00
1(1’ Zi ié 1 3 4 6 7 8 9 10 11 12
12 | 54

Disturbance(s): No known disturbance
Approximate LSL Length: 66 ft (20.1 m)
Ave Monthly Water Use: Not metered

Figure S26: Sequential Lead Results - Sample Site #23 (June and Sept/Oct)
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1| 46 66
2 | 61 88
3 | 64 73
4 | 52 64
5 | 51 65
6 | 49 66
7 | 50 68
8 | 82 11
9 | 12 15
10 | 13 13
1| 12 13
12 | 12 13
13 15
14 15

Site 24

o JUPHE s Sep 1/ OCt

0 11 12 13 14

Disturbance(s): No known disturbance
Approximate LSL Length: 56 ft (17.1 m)
Ave Monthly Water Use: Not metered

Figure S27: Sequential Lead Results - Sample Site #24 (June and Sept/Oct)

1 3.5 4.9
2 3.8 4.6
3 4.0 4.5
4 3.9 4.5
5 3.9 4.5
6 4.0 4.3
7 4.0 52
8 4.0 5.4
9 4.1 5.9
10 4.4 5.7
11 43 5.8
12 42

Site 25 B e [T smfffpens St/ Oct

7.0
6.0 m——

— 5.0

”é 4.0 B e
g 3.0
2.0
1.0
0.0

1 2 3 4 6 8 9 10 11 12

Disturbance(s): No known disturbance
Approximate LSL Length: 70 ft (21.3 m)
Ave Monthly Water Use: Not metered

Figure S28: Sequential Lead Results - Sample Site #25 (June and Sept/Oct)

529 0f 42

EPA-R5-2017-011357_0000069



Site 26 s JU T o S et/ Ot
7.00
1 | 35 49 6.00 g B ——
2 38 4.6 500 - — ,”"‘
3 | 40 45 - mﬂ-wmm A
4 39 45 S 400 : gas{pommail ;
> | 39 | 45 = 3.00 -
6 | 40 43 o
7 4.0 52 2.00 -
8 4.0 54 1.00 -
9 | 41 59
10 44 57 0.00 ‘ ‘ ‘ ‘ ‘ ‘ i ; ; ‘ : i
11 | 43 58 1 2 3 4 5 6 7 8 9 10 11 12
12 | 42

Disturbance(s): No known disturbance
Approximate LSL Length: 66 ft (20.1 m)
Ave Monthly Water Use: Not metered

Figure S29: Sequential Lead Results - Sample Site #26 (June and Sept/Oct)

Site 27 «June somalfns St/ Ot

25.0

.
2 e 20,0 =
3 12 sl
4 10 13 = 150
5 10 13 ¥ o
6 1| 13 fgmﬂ
7 13 [ 16 |
8 14 18 5.0
9 14 19
10 13 20 0.0
1| 12 17 1 2 3 4 5 & 7 8 9 10 11 12 13 14
12 10 16
13 13
14 9.2

Disturbance(s): Meter replacement in 2010.
Approximate LSL Length: 47+ ft (14.3 m)
Ave Monthly Water Use: 4267 gal. (16,152 L)

Figure S30: Sequential Lead Results - Sample Site #27 (June and Sept/Oct)
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1 39
2 56
3 54
4 53
5
6
7
8
9 .
10 55
11 56

T
3 19 18
4 18 17
5 17 17
6 17 16
7 17 16
8 16 14
10

11 14

12 13

13

14 9.2
17 )
18

1o .

8.00

6.00

Ph{ug/L}

0.00

Site 28 s S et/ Ot

4.00 -

2.00 -

1

2 3 4 5 6 7 8 9 10 11

Disturbance(s): Meter replacement in 2009.
Approximate LSL Length: 61+ ft (18.6+m)
Ave Monthly Water Use: 4273 gal. (16,175 L)

Figure S31: Sequential Lead Results - Sample Site #28 (Sept/Oct)

40.0
35,0
30.0

% 25.0

=200

£ 150
10.0

5.0
0.0

Site 29 e June  swofffps Sept/ Oct

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Disturbance(s): Probable Approximate LSL leak repair, meter installed in 2010.
Approximate LSL Length: 159 ft (48.5 m)
Ave Monthly Water Use: 1,438 gal. (5,443 L)

Figure S32: Sequential Lead Results - Sample Site #29 (June and Sept/Oct)
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2 75
3 87
4 95
2 %///%
7 13
g 23
9 31
10 32
11 33

35.00

Site 30

s St/ OCt

30.00

2500

< 20.00

e

1500
10.00 - i
5.00 -

Pk

0.00 T T T

sy i

5 6 7 8 9 10 11

Disturbance(s): Broken water main in 2000, sidewalk replaced & street re-surfacing.

Approximate LSL Length: 49+ ft (14.9 m)
Ave Monthly Water Use: Not metered

Figure S33: Sequential Lead Results - Sample Site #30 (Sept/Oct)

1 4.0 6.0
2 5.0 5.8
3 5.1 5.2

16
6 15 13
7 16 17
S 16 19
9 21 24
10 | 19 16
11 8 57
12 [ 45 4.2

30.00

Site 31 s JUN @ wmpm St/ Ot

25.00

20,00

15.00

Ph{ug/L

10.00 -

500 -

*—

0.00 T

Disturbance(s): Approximate LSL leak repair in 2010.

Approximate LSL Length: 71+ ft (21.6+ m)

Ave Monthly Water Use: Not metered

Figure S34: Sequential Lead Results - Sample Site #31 (June and Sept/Oct)
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1| 31 2.9
2 | 23 22
3 | 21 2.0
4 | 23 22
5 | 70 55
6 | 16 17
7 | 99 94
8 | 93 91
9 | 83 86
10 | 61 76
11| 26 35
12 | 17

Site 32 e JL1V@ wnsiffprnn St/ Oct
20.0
15.0
&
2100
s
o
5.0
mmmmwwm
0.0
12 34 6 7 8 9 10 11 12

Disturbance(s): No known disturbance
Approximate LSL Length: 43 {ft (13.1 m)
Ave Monthly Water Use: Not metered

Figure S35: Sequential Lead Results - Sample Site #32 (June and Sept/Oct)

1| 52 5.5
2 | 69 63
3 [ 10 B ]
4 | 77 9.1
5 | 96 12
6 | 14 14
7 | 16 2
8 | 14 17
9 | 12 17
10 | 14 16
11 | 11 14
12 | 10 12
11 12
12 10

Site 33 sl JUNE  anseilps SEpt/ O 0L
25.0
2000 m
jury
S 15.0
2
2 100 e
5.0
0.0
1 2 3 4 5 [ 7 8 9 10 11 12 13 14

Disturbance(s): Indeterminate
Approximate LSL Length: 43+ ft (13.1m)
Ave Monthly Water Use: Not metered

Figure S36: Sequential Lead Results - Sample Site #33 (June and Sept/Oct)
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Site 34 oo S gt/ (ot
3.50
3.00 g
2.50
oy
»‘:%3 2.00 |
& 150 - R e
[+ 9
1.00 -
0.50 -
0.00 T ; T ; i | v 7 ]
1 2 % 4 5 6 7 8 9 10 11
Disturbance(s): No known disturbance
Approximate LSL Length: Unknown
Ave Monthly Water Use: Not metered
Figure S37: Sequential Lead Results - Sample Site #34 (Sept/Oct)
Site 35 s JUTE e S/ Ot
s 200
Sept/Oct
1 2.9 34
2 79 74 15.0 W
3 13 15 s
4 12 19 o
3 10.0
5 9.9 16 e By
6 8.6 13 a . —
7 7.3 10 5.0
8 6.8 9.6
9 6.2 7.6
10 | 53 82 0.0
11 30 73 3 4 5 & 8 9 10 11 12
12

Disturbance(s): Meter installed in Aug 2011 (between June and Sept/Oct sampling).

Approximate LSL Length: 80 ft (24.4 m)

Ave Monthly Water Use: 4,667 gal. (17,667 L) — Data available only for Aug-Oct 2011
Figure S38: Sequential Lead Results - Sample Site #35 (June and Sept/Oct)
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Site 36 s JUe el Sept/Oct
14.0
SeptiOct
1 5.0 4.6 12.0
2 6.9 5.0
10.0 .
3 7.7 5.5 - & »
4 8.5 6.1 ";;«nn 8.0
5 9.9 13 = 60 . y
6 9.8 12 o 10
7 9.5 10 ‘
8 9.3 10 2.0
9 92 11 0.0
12 gz 912 1 2 3 4 5 [ 7 8 9 10 11 12
12 9.2

Disturbance(s): No known disturbance
Approximate LSL Length: 83+ ft (25.3 m)
Ave Monthly Water Use: Not metered

Figure S39: Sequential Lead Results - Sample Site #36 (June and Sept/Oct)

Site 38 ijun@
4.00
3.50 M“@
3,00 @ e e SRR S
1 1.9
3 30 QZ.SO
3 131 00 -
4 3.0 =
5 2.9 & 150 -
6 3.0
5 7 1.00 -
8 3.1 0.50 -
9 3.4
0 32 0.00 ! ! ; ! ; ! ! ! ! ! ;
m 30 1 2 3 4 5 6 7 8 g 10 11 12
12 | 38

Disturbance(s): No known disturbance
Approximate LSL Length: 51 ft (15.5 m)
Ave Monthly Water Use: Not metered

Figure S40: Sequential Lead Results - Sample Site #38 (June)

Sampling collection and reporting instructions and forms

March/April sampling — The sampling instructions and forms below were used in the
March/April sampling. Sampling was scheduled to conclude in March, but the sampling ran into
April. As a result of the instructions below, some volunteers sampled one day at the kitchen tap
and one day at the bathroom tap. The intent was to have all samples collected from the same tap,
so volunteers that split the samples were asked to collect replacement samples so that a complete
set of four samples was collected at the same tap. We chose the kitchen tap, and all samples
collected thereafter were also collected at the kitchen tap. In addition, the 45-second flushed
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sampling protocol was not used after the March/April sampling due to the complication with
corroded galvanized pipe.

; , _ General Sampling Instructions ; ~ ;
You will be takmg a total of 8 samples for this study. One set of 4 samples will be taken in March 2011 and one set
of 4 samples (using the same instructions) will be taken in August 2011.

General Instructions for all four samples of a set

Sample #1 and Sample #2 must be collected one after another on the same day.

Sample #3 and Sample #4 must also be collected one after another on the same day, and within the same week as
Sample #1 and Sample #2.

All samples should be collected from taps that are generally used by your houschold for drinking water. Do not
collect samples from a taps that have not been used within the last 24 hours. Use a kitchen or bathroom cold-water
faucet for your sampling.

Do not collect samples from a tap that has a water filter or is connected to a water softener. If you have a water
softener or water filter on your kitchen tap, collect your sample from a bathroom tap that is not attached to the water
softener or water filter, if possible._

Important‘ Please maketsuresvou&use tthe bottle labeled ‘Samplek#l ' for yvour fi rst sample'

Collecting Sample #1: The first sample is to be collected after water throughout the household has not been used
Sfor a minimum of 6 hours (example: midnight to 6am). During these 6 hours, do not flush toilets, shower, or run
water from other faucets. The best time to collect samples is either:

1) First thing in the morning, before any water is used in the household; or 2) Immediately upon returning from
work, and prior to using any water, as long as water has not been used in the household during the day.

When vou are ready to collect your first sample, use the sample bottle labeled ‘Sample #1°.

Do not run any water from the tap before collecting the first sample.

Place the opened sample bottle below the faucet and gently open the cold water tap.

Fill the sample bottle as you would normally fill a glass of water for drinking, up to the neck of the bottle (see
photographs below) and turn off the water. Tightly cap the sample bottle.

bl S

Fill he botile up t here
Do not overfill

Instructions for Collecﬁng Sample #2 ‘ ‘

Important: Please make sure you use the bottle labeled ‘Sample #2 ' for your second sample!

Collecting Sample #2: This sample is to be collected from the same faucet as Sample #1, immediately after
collecting Sample #1.

1. Immediately after collecting Sample #1, run the water for 45 seconds. Shut off the water, and place the opened
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sample bottle (labeled Sample #2) below the faucet and gently open the cold water tap.

2. Fill the sample bottle as you would normally fill a glass of water for drinking, up to the neck of the bottle (see
photographs on first page) and turn off the water Tightly cap the sample bottle.

Important: Please make sure you use the bottle labeled ‘Sample #3° for your third sample!

Collecting Sample #3: Collecton a differentday in the same week as Samples #1 & #2.

1. Before letting the water sit for a minimum of 6 hours, run the water from the faucet for 5 minutes at a high rate,
and then do not use any water in the household for at least 6 hours after that (Example: Run the water for 5
minutes at midnight before going to bed, and then do not use any water in the household until collecting the
third sample at 6 am the following morning).

2. Do not run any more water from the tap before collecting the third sample. Place the opened sample bottle

below the faucet and gently open the cold water tap.

Fill the sample bottle as you would normally fill a glass of water for drinking, up to the neck of the bottle (see

' Important: Please make sure you use the bottle labeled ‘Sample #4° for your fourth sample!

Collecting Sample #4: This sample is to be collected from the same faucet as Sample #3.

1. Immediately after collecting Sample #3, run the water for 45 seconds. Shut off the water, and place the opened
sample bottle (labeled Sample #4) below the faucet and gently open the cold water tap.

2. Fill the sample bottle as you would normally fill a glass of water for drinking, up to the neck of the bottle (see
photographs on first page) and turn off the water. Tightly cap the sample bottle.

Figure S41: March/April sampling instructions.
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, . Sample Collectmn anyd Reportmg faee

" Sample Reporting - Sample #1__ [ £PA Use: Visible Particulsie? eIl NolJ
Sample ID (from Sample Bottle #1): Date/time Sample #1 was collected:
Volunteer ID: Sampling Location: Kitchen Faucet [ ] Bathroom Faucet []

Date/time the water was last used in household before collecting Sample #1:

Was sample #1 collected from a faucet that has a water softener or water filter? Yes[] Neo [

Sample Reporting  Sample #2 ‘ | EPA Use: Visible Particnlate? Yes[] Noll
Sample ID (from Sample Bottle #2): Date/time Sample #2 was collected:

Volunteer ID: Sampling Location: Kitchen Faucet [ ] Bathroom Faucet []

Date/time the water was last used in household before collecting Sample #2:

Was Sample #2 collected from the same faucet as Sample #1: Yes[] No [

SampleReporting —Sawple#s | FPAUs ViblePaticulate? VeI NoO |
Sample ID (from Sample Bottle #3): Date/time Sample #3 was collected:
Volunteer ID: Sampling Location: Kitchen Faucet [] Bathroom Faucet []

Date/time the faucet was flushed before collecting Sample #3:

‘Was sample #3 collected from a faucet that has a water softener or water filter? Yes D N |:|

Sample ID (from Sample Bottle #4): Date/time Sample #4 was collected:

Volunteer ID: Sampling Location: Kitchen Faucet [0 Bathroom Faucet []

Date/time the faucet was flushed before collecting Sample #4:

‘Was Sample #4 collected from the same faucet as Sample #3: Yes[] No [

Have there been any plumbing repairs or plumbing work done within the household during the last six months (including installation of
new faucets)? Yes D No |:|

If yes, explain briefly (Example — ‘New faucet installed one week ago’):

FOR EPA USE: Samples received by Date/Time:

Samples transferred to Region 5 Laboratory by Date/ Time:

Volunteer Certification: I have read the sampling instructions and have collected the samples in accordance with the
instructions provided.

OR
Signature/Date Volunteer ID/Date

Figure S42: March/April sample collection and reporting form.
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Sequential Sampling Instructions for June — The sampling instructions and forms below were used
in the June sequential sampling.

Sequential Sampling Instructions

Please read all instructions before beginning your sampling

General Information
*Use only the kitchen faucet for all of these samples.

*Use only cold water and open the cold water tap all the way when filling the bottles.
*Fill each bottle to the top of the label on the sample bottle.
Sampling Instructions

*The night before sampling (right before everyone goes to bed) run the water from the kitchen tap for at least 5
minutes. Write down the date/time you finished running the water on the form on the back side of this page.

*The water must sit motionless in the home plumbing for at least 6 hours before collecting the samples so do not use
water in the home after you finished running the water and until all samples are collected the following morning.
Showering, flushing toilets, or other water use will affect the sampling results. It may help to tape a sign in the
kitchen and bathrooms with a reminder not to use the water, in case people forget.

* The bottles are numbered, and it is very important to collect them in order (Sample 1 first, Sample 2 second, etc.).

+In the morning, when you are ready to sample, place the open bottles in order by sample number. You will be
collecting the samples without shutting off the water in between samples, so you should remove the caps from all
bottles so that you have all of the bottles ready to fill. You can put the caps on after all samples have been collected.
Try not to let any water spill in between samples.

*Write down the date/time right before you sample on the form on the back side of this page.

*Begin by placing the Sample 1 bottle under the faucet and open the cold water slowly until the faucet is fully open.
While one bottle is filling, grab the next bottle so that you are ready to move it under the faucet quickly.

*Once the bottle is filled to the top of the label, quickly place the Sample 2 bottle under the faucet, and continue until
you have filled all sample bottles.

Sequential Sampling — Sample Collection and Reporting Form

Volunteer D:

| Sampling Information . ..
Date/time the water was last used in household (the night before collecting the samples):
Date/Time Volunteer Began Collecting Samples:
Were All Samples Collected from the Kitchen Tap? Yes [] No[]
FOR EPA USE: Samples received by Date/Time:
Samples transferred to Region 5 Laboratory by Date/Time:

If Yes - List Samples With Particulate

EPA Use: Visible Particulate in any samples?  Yes[1 No[l

Volunteer Certification: I have read the sampling instructions and have collected the samples in accordance with
the instructions provided.

OR
Signature/Date Volunteer ID/Date

Figure S43: June sampling instructions and sample collection and reporting form.
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Sampling instructions for September/October — In the final round of sampling, the number and
type of samples was customized to each site and sites collected 3 days of sampling. The
instructions below were for a site collecting one NHU First-draw sample, 11 sequential samples
and a 2 flushed samples. Some sites collected additional sequential samples and some collected 3
flushed samples instead of two.

Sampling Instructions
Please read all instructions before you start sampling.

General Information
Ll Use only the kitchen faucet for all of these samples.
.. Use only cold water.
. Open the cold water tap all the way when filling the bottles.

| Fill each bottle to the top of the label on the sample botile.
Sampling Instructions

L. There are three different sets of samples for you 1o collect (Sample Set #1, #2 and #3).

L. Each set will be taken on a different day. (The three sampling sets do not have to be taken on three days in
arow.)
A section of the reporting form (attached) needs to be filled in for each day of sampling.
A) Sample Set #1 (1 bottle, Blue Label)
1. The water must sit motionless in the home plumbing for at least 6 hours before collecting the sample. Typically,
the night before taking the sample, make sure that no one uses water in the home until you collect the sample from
the kitchen the following moming,

o

2. In the morning; when you are ready to sample; write down the date/time on the attached form.

3. Fill up the bottle with the BLUE LABEL. That’s it for collecting the first sample set
B) Sample Set #2 “Sequential Sampling” (11 bottles, WHITE LABELS)

1. The night before sampling (right before everyone goes to bed) run the water from the kitchen tap for at least 5
minutes. Write down the date/time you finished running the water on the form. After running the water for 5
minutes, it should sit motionless in the home plumbing for at least 6 hours.

2. In the morning, your first water usage should be collecting eleven samples in a row (one after another). Use the
bottles with the WHITE LABELS. The samples should be collected without shutting off the water in between
samples. To do this, remove the caps from all eleven bottles before you turn on the water.

3. Place the eleven open bottles in order by sample number before you start collecting the samples Try not to waste
water in between the samples. You can put the caps on after all 11 samples have been collected. The bottles are
numbered Seq 01, to Seq 11. It is very important to collect the samples in order (Seq 01 first, Seq 02 second,
etc.).

4. Use the attached reporting form to note the date and time that you started taking the sample set.

C) Sample Set #3 (2 Bottles, GREEN LABEL and YELLOW LABEL)

1. The night before sampling (right before everyone goes to bed) run the water from the kitchen tap for at least §
minutes. Write down the date/time you finished running the water on the form. After running the water for §
minutes, it should sit motionless in the home plumbing for at least 6 hours.

2. In the morning, when you are ready to sample. write down the date/time on the attached reporting form.

3. Run the water for 3 minutes, then collect a sample in the jar with the GREEN LABEL. Continue to let the water
run for an additional 2 minutes (for a total of 5 minutes), and collect the final sample in the bottle with the
| YELLOW LABEL:

Figure S44: Sept/Oct sampling instructions.
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Sample Collection and Reporting — Sampling set # 1 (Blue label)
Volunteer ID:

Sampling Information

Date/time the water was last used in household (the night before collecting the samples):

Date/Time Volunteer Began Collecting Samples:

Were All Samples Collected from the Kitchen Tap? Yes [] No[]

FOR EPA USE: Samples received by Date/Time:

Samples transferred to Region 5 Laboratory by Date/ Time:

I Yes 1istS les With Particulat
EPA Use: Visible Particulate in any samples?  Yes[]  No[l] D o aEe L e

Sample Collection and Reporting - Sampling set # 2 (11 samples, White labels)

Volunteer ID:

Sampling Information

Date/time the water was last used in household (the night before collecting the samples):

Date/Time Volunteer Began Collecting Samples:

Were All Samples Collected from the Kitchen Tap? Yes |:| No |:|

FOR EPA USE: Samples received by __ Date/Time;

Samples transferred to Region 5 aboratory by Date/Time:

I Yes —ListS les With Particulat
EPA Use: Visible Particulate in any samples?  Yes[]1 No[l S e

Sample Collection and Reporting - Sampling set # 3 (Green and Yellow labels)

Volunteer 1D:

Sampling Information

Date/time the water was last used in household (the night before collecting the samples):

Date/Time Volunteer Began Collecting Samples:

Were All Samples Collected from the Kitchen Tap? Yes [] No[]
FOR EPA USE: Samples received by Date/Time:

Samples transferred to Region 5 Laboratory by Date/Time:

L Wi ,
vell nofd If Yes - List Samples With Particulate

EPA Use: Visible Particulate in any samples?

Volunteer Certification: I have read the sampling instructions and have collected the samples in accordance with
the instructions provided.

OR
Signature/Date Volunteer ID/Date

Figure S45: Sept/Oct sample collection and reporting form.
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